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Abstract: Shiftwork at night and transmeridian travel 

Background 
Multiple human epidemiologic studies of cancer and night shiftwork and time zone or 
transmeridian travel (TM) have been published since 1972, focusing primarily on breast 
and prostate cancers. In 2007, the IARC working group concluded that there was limited 
evidence of increased breast cancer among women working a night shift. Overall, at least 
24 studies of the relationship between shiftwork and breast cancer have been studied in 
large population registries, prospective cohorts, and in nested and population based case 
control studies.  Since the IARC review, in addition to nurses, radio/telegraph operators, 
geographically based populations, and worker-based population registries, additional 
populations have been studied in Asia, and Northern and Southern Europe, and in the 
U.S., Canada, Israel, and Australia have been studied including teachers, national health 
insurance enrollees, various company based occupational cohorts, twin registries, and 
controls in large scale clinical trials. Prostate cancer and shiftwork analyses have been 
conducted in at least 11 general population registries and occupational prospective and 
retrospective cohorts and population based case-control studies in the U.S., Canada, 
Germany, Scandinavia, and Japan. In addition, several studies of ovarian, endometrial, 
colorectal, melanoma, and other cancers have also been investigated in relation to 
shiftwork.  

Studies of breast and prostate cancer in flight attendants and pilots provide some 
information about the impact of transmeridian travel on the risk of cancer. At least 17 
studies of breast cancer in flight attendants from largely retrospective cohorts or registry 
studies have been conducted in the U.S. and Europe, and approximately 17 registry 
studies of prostate cancer in airline pilots, cabin attendants, commercial and military 
pilots, and flightdeck/cockpit crews in U.S., Canada, Sweden, Norway, and Britain.  

Exposure assessment 
The most common exposure metrics for shift work have included ever working or 
number of years working night shifts, assessed primarily via self-reported retrospective 
questionnaires or interview, employment records, or job exposure metrics (e.g., linkages 
of individual occupational histories with survey data linking occupations to night work).  
Significant heterogeneity exists in definitions of “shift or night work” across the studies. 
Most measure night work according to whether participants ever worked nights, the 
frequency of night shifts worked or the duration of night work (usually in years), but 
measurements which reflect the biological mechanisms through which shiftwork affects 
health are found primarily in the newer studies which attempt to assess more detailed 
information about shift work and relevant potential effect modifiers. Detailed 
classifications of shiftwork such as regular/irregular shift schedules, time schedules of 
each shift, intensity, permanent/rotating night shifts, direction and speed of rotation, for 
example, have been employed in a few studies, such as consecutive night shifts, forward 
or backward rotations, permanent versus rotating shiftwork, classifications based on time 
schedules, and exposure window (age at first shift work, or timing before or after full-
term pregnancy).  The cohort and case-control studies have been able to evaluate 
potential confounders for breast and prostate cancers, and, more recently, potential 
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confounders and effect modifiers such as diurnal preference (morning vs. evening type) 
and genetic susceptibility (polymorphisms in circadian genes). 

Most of the studies on flight crew personnel (time zone travel and shift work) have used 
relatively crude exposure measures (e.g., job title) related to circadian disruption and 
transmeridian travel, and lack detailed information on potential confounders.  Because 
cosmic radiation and circadian disruption are often correlated in these studies, the 
independent effect of circadian disruption is difficult to assess. Since 2009, exposure 
assessment methods for calculating the number of time zones crossed and flight hours 
worked during the standard sleep hours have been developed (Waters 2009; Grajewski et 
al. 2011); however, much of the emphasis in current studies has been on the role of 
cosmic radiation rather than on circadian disruption. 

 Biomarkers 
At least 8 studies of shiftwork and cancer have incorporated measurements of circadian 
disruption, primarily measurement of 6-sulfatoxymelatonin (aMT6s), the primary urinary 
metabolite of melatonin and surrogate of circulating melatonin levels.  Studies have 
varied in the sampling and collection of urine (24 hour urine collection or morning urine 
collection), and recent papers have examined the best timing of melatonin sampling.   

The development of markers of circadian disruption which are independent of the time of 
day, and therefore useful for large population based studies, is currently ongoing.  

At least ten studies have compared melatonin levels in urine or blood of day and non-day 
workers to evaluate the effects of non-day shift work on circadian disruption (e.g., 
melatonin profiles) and circadian gene expression (e.g., promoter methylation). In 
addition to melatonin, at least three studies have investigated cortisol in relation to 
circadian disruption in shift workers; and at least four studies have investigated sex 
steroid hormones in relation to shiftwork. Markers of immune response and plasma 
alanine transaminase (ALT) levels have also been investigated. 

In addition to evaluating the effects of non-day shift work on melatonin levels, some 
studies have also looked at associations between urinary melatonin levels and other 
factors such as ethnicity, reproductive hormones, genetic polymorphisms, gene 
expression, or methylation. These studies may provide information useful for assessing 
the cancer epidemiologic studies or evaluating potential mechanisms of carcinogenicity.  

Intervention studies 
Several studies have examined the impact of changes in direction, speed, length, and 
other adjustments to rotating shifts on various outcomes related to long-term chronic 
disease.  At least 7 studies describe changes in direction of rotation; six studies describe 
the impact of switching from 8- to 10- or 12-hour shifts; flexible shift scheduling (1 
study); and delayed shift start time (1 study).  Two intervention studies investigated 
changes in markers of circadian disruption; at least five studies investigated markers of 
chronic disease; and at least 6 studies have looked at the impact of changes on common 
modifiable risk factors.   
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Abstract: Artificial light at night 

Background 
Few human epidemiologic studies of artificial light at night (ALAN) and cancer have 
been published. Several studies of shiftwork analyzing the risk of various shift work 
schedules on cancer are essentially estimating the timing of the light/dark cycle or 
ALAN. So too, some studies of ALAN investigate the impact of the timing of light in the 
home or sleeping habitat on cancer; while others investigate the intensity or 
characteristics of light indoors or outdoors (light pollution). The few studies that have 
been conducted investigate primarily breast and prostate cancers. Overall, 1 prospective 
cohort and 6 population based case control studies ALAN and breast cancer have been 
conducted in general populations and non-shift workers in the U.S. northeast, northwest, 
California and Georgia, Israel, and Western Australia; three studies of breast cancer in 
relation to rotating schedules among shift workers have been conducted; and, in addition, 
4 ecological studies have been conducted of environmental light pollution using satellite 
images from Israel, Korea, and from 164 countries (updated to 180 countries). Regarding 
prostate cancer studies, only one case-control study in Western Australia and one 
ecological study of ALAN using satellite images from 164 countries have been 
conducted; the latter study also investigated colon and lung cancers.   

Exposure assessment 
Cohort and case-control studies assess exposure to ALAN primarily by focusing on light 
in the sleeping habitat via self-reported retrospective questionnaires or interviews, with 
questions varying widely across studies. Most questions attempt to assess the presence of 
light in the sleeping habitat (e.g., keeping lights on while sleeping, exposure to outside 
light, sleeping mainly in the daytime, not drawing the curtains/window shades while 
sleeping at night, turning lights on during sleep hours, falling asleep with TV on, turning 
the TV off prior to sleep, use of bed lamps or room lamps for reading before sleep, 
wearing masks during sleep); while others attempt to assess the intensity of light in the 
sleeping habitat, such as type of illumination source for bedroom light and reading light 
(studies show pictures of fluorescent, halogen, and incandescent bulbs), ability to read at 
night at work, see across the room, to the end of the bed, etc. Light data loggers have 
been used in a variety of exposure studies to measure the intensity of light; more recently 
a daysimeter has been developed which measures the light that enters the retina, although 
methods of use and calibration protocols vary across studies.  Bajaj et al. (2011) validated 
exposure to light assessed with a questionnaire against exposure to light assessed with a 
daysimeter as the gold standard and found a correlation of 0.7 between the two methods. 

Environmental studies of ALAN or studies of exposure to light emitted from multiple 
environmental sources (street lighting, advertising lighting, architectural lighting, security 
lighting, domestic lighting and vehicle lighting) have been conducted in geographically 
defined areas, correlating these measurements with the incidence of breast and other 
cancers using registry data.  In these ecological studies, light and sky glow have been 
captured by sensors of satellites circling around the globe which transfer information into 
the U.S. Defense Meteorological Satellite Program’s (US-DMSP GLOBOCAN) 
database; or have come from aerial surveys and ground-based measurements of direct 
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illumination and sky glow, including citizen science data. These satellite images 
constitute a surrogate for exposure to light from multiple sources, and have the goal of 
ascertaining whether rates of breast cancer are higher in cities with more light, controlling 
for other macro level factors. These ecological studies are limited by lack of individual 
level data and potentially uncontrolled confounding, and do not calculate risk estimates. 
Furthermore, satellite measurements are limited by an incomplete understanding of the 
relative importance of direct illumination, light scattered by cloud cover and light 
scattered from a clear sky on circadian disruption, and whether the spectra of light 
captured in the images are the most relevant for circadian disruption. The relationship of 
satellite images and actual light in the sleeping area remain to be elucidated (see Rea et 
al. 2011; Stevens et al. 2011a).  

Biomarkers 
At least 5 studies have investigated the impact of ALAN on circadian disruption (CD); 
four used melatonin and one used cortisol as markers of CD. Similar to shift work 
studies, there have been variations in the sampling and collection of urine across studies. 

Intervention studies 
Multiple studies of interventions of controlled exposure to light and dark have been 
conducted.  Among shiftworkers, at least 17 studies either controlled exposure to bright 
light in the workplace (N = 13), or employed goggles to minimize bright light exposure 
or short wavelengths (N = 4), or both (N = 2).  Ten studies looked at sleep quantity or 
duration as an endpoint, while others measured circadian disruption by measuring 
melatonin (N = 8), cortisol (N = 2), and/or body temperature (N = 3).  
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Table 1. Epidemiologic studies of Breast Cancer and circadian disruption:  meta-analyses, study populations, exposure metrics, and counfounders or 
effect modifiers 

 Circadian Disruption Proxies 

Artificial Light at Night (ALAN) - 
Studies of shift workers and Flight attendants - impact of the timing and 

 shift rotations Transmeridian travel Chronotype as main exposure intensity/type of ALAN 

Meta-analyses (No. studies) Lin X et al. 2015 (16); He et He et al. 2015 (3); Gassmann NA He et al. 2015 (3) 
al. 2015 (15); Ijaz et al. 2013 AS et al. 2015 (17); Buja et 
(16); Jia et al. 2013 (13); al. 2006 (7); Megdal et al. 
Kamdar et al. 2013 (15); 2005 (7); Ballard et al. 2000 
Wang et al. 2013 (10); Yong (2); Kamdar 2013 (5); 
et al. 2012 (5); Bonde et al. Tolumaru 2006 (7) 
2012; Megdal et al. 2005(6); 
Davis S et al. 2006 (potential 
for genetic polymorphisms to 
play a role) 

Study populations Nurses, teachers, textile Flight attendants Nurses, clinical population, Ecological, general 
workers, health insurance general population population of countries 
cohorts, radio/telegraph around the globe; non-
operators, military, shiftworkers (Israel) recruited 
employees of multiple types in hospitals (BRCA) and 
of companies; company based friends/convenience sample 
occupational cohorts; national of cases 
cohorts of workers, Twins, 
geographically based 
populations, participants in 
control arms of large scale 
clinical trials (e.g., WHI), 
hospital/health center 
populations 

Study designs 1 registry study, 7 prospective ~17 registry studies, 4 studies - 1 prospective 5 Ecologic (164 countries 
cohort studies, 22 (case retrospective cohorts, cohort (Ramin C 2013); 2 (Kloog et al. 2008, 2010; 180 
control studies (12 population prospective cohorts, nested case-control (hospital (Wirth countries (Rybnikova N et al. 

22



 Circadian Disruption Proxies 

Artificial Light at Night (ALAN) - 
Studies of shift 

 shift rotations 
workers and Flight attendants - 

Transmeridian travel Chronotype as main exposure 
impact of the timing and 
intensity/type of ALAN 

based, 1 hospital based, 9 case-controls MD 2014); and population 2015); Israel (Kloog et al. 
nested); 3 studies of Nurses based Papantoniou K 2015)) 2008); Korea (Kim RJ et al. 
without specific information and 1 survival study of 2016), 1 prospective cohort 
on shiftwork. progression and disease-free (Hurley et al. 2014); 6 

interval among brca population based case-control 
patients(Hahm BJ 2014). (Kloog et al. 2011; Keshet-

Sitton et al. 2015; Davis S et 
al. 2001, Li Q et al. 2010; 
Bauer SE et al. 2013; Fritschi 
L et al. 2013)) 

Location Asia (Japan, China, Taiwan, U.S. and Europe U.S., Denmark, Spain, India U.S.(Northeast, Northwest, 
Singapore, Shanghai), U.S., Georgia, California), Israel, 
Canada, countries in Northern Korea satellite images from 
and Southern Europe, Israel, 164 countries and updated for 
Australia 180 countries 

Exposure metrics Ever/never night sw, Most studies include only ‘Morningness-eveningness’ TIMING OF ALAN: Light 
duration; graveyard shift ever employed compared to questionnaire (MEQ) (Horne in the sleeping habitat,  
(midnight to 5am); general populations; JEMs & Ostberg, 1976); composite keeping lights on while 
day/night/rotating shifts; used to determine SW scale of morningness; sleeping, sleeping mainly in 
rotating shifts; permanent schedules;  number of flight Questions such as: "One the daytime; not drawing the 
night shifts; lifetime night hours during the standard hears about morning and curtains/window shades while 
shiftwork;  JEM for shift sleep interval, and number of evening types of people. sleeping at night; turning 
schedules (Pronk et al. 2010; time zones crossed using Which ONE of these types do lights on during sleep hours; 
Fernandez et al. 2014); algorithms by Grajewski et you consider yourself to be?" light habits and lifestyle in 
alternative definitions of al., 2003, 2004, 2011; Waters definitely a morning type”, the 5 yrs, 15-20 years prior to 
prolonged shift work et al., 2009; Johnson CY et al. “more of a morning than an diagnosis (Cases), or for a 5-
(Grundy a 2013), lifetime 2015 evening type”, “more of an yr period 10-15 years prior to 
average of consecutive night evening than a morning study enrollment (controls) - 
shifts (Lie 2011); years of type”, “definitely an evening falling asleep with TV on, or 
night shift roation; total type”, and “neither” (in that turning it off prior to sleep; 
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 Circadian Disruption Proxies 

Artificial Light at Night (ALAN) - 
Studies of shift 

 shift rotations 
workers and Flight attendants - 

Transmeridian travel Chronotype as main exposure 
impact of the timing and 
intensity/type of ALAN 

number of nights worked; order);  (Munich chronotype exposure to outdoor and 
jobs classified as to the % of questionnaire**); sleep-wake indoor light in sleeping 
night shift workers; lifetime log habitat; use of bed lamps or 
cum duration; frequency; room lamps for reading 
occasional and regular night before sleep. 
work (hours and duration); INTENSITY/TYPE OF 
ever work in a hospital, ALAN:  1) The subject wore 
medical/surgical ward, a mask to keep out light; 2) 
maternity/pediatric ward; she could not see her hand in 
linking reported occupation to front of her face; 3) she could 
shift work probability (Pshift see to the end of her bed; 4) 
work) value using exposure she could see across the 
assessment recently room; 5) she could barely 
developed from by Statistics read; and 6) she could read 
Canada. JEM for categorizing comfortably; bedroom-light 
SW in occupations (RC intensity; type of illumination 
Fernandez 2014);   Phase source for bedroom light and 
Shift (Fritschi 2013) reading light (pictures of 
classification: Forward flourescent, halogen, and 
rotation (night follows day incandescent bulbs shown);  
shifts) involves adaptation of Hi exposure: read easily at 
central cycle to night shift night at work, Medium 
work; backward rotation (day exposure - could see but not 
shifts follow night shifts), or well enough to read at work; 
no pattern of shift schedule, low exposure - had enough 
or  >2 days off between light to read in their bedroom 
finishing day and starting when sleeping during the day; 
night shift, assumes not sleeping in total darkness. 
unadapted peripheral ALAN LIGHT 
rhythms. Hi Exposure - job POLLUTION / 
involves >4 nights forward INTENSITY: percent urban, 
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 Circadian Disruption Proxies 

Artificial Light at Night (ALAN) - 
Studies of shift 

 shift rotations 
workers and Flight attendants - 

Transmeridian travel Chronotype as main exposure 
impact of the timing and 
intensity/type of ALAN 

rotation or >6 nights electricity consumption by 
backward rotation; Medium country;  DMSP-OLS 
exposure: 3–4 nights forward Nighttime Light Time Series 
or 4–6 nights backward satellite images; low (0-20 
rotation; Low exposure: 3 watts per sterradian cm(2)), 
nights backward rotation.  medium (21-41 watts per 
(Unknown study): circadian sterradian cm(2)), high (>41 
phase recording using  a watts per sterradian cm(2). 
temperature data logger to 
measure wrist skin 
temperature; partly or entirely 
working between 00:00 and 
6:00a.m. at least three nights 
per month (Papantoniou K 
et al. 2015). 

Confounders and effect in situ cancers  Cosmic Radiation, UV light ER status; tumor type; PER3 Race (Bauer et al. 2013); 
modifiers (Schernhammer 2005); VNTR polymorphism; BMI and menopausal status 

estrogen and progestagen menopausal status; mis- (Hurley et al. 2014); 
receptor positive tumors alignment of bedtime with polymorphisms (Stevens RG. 
(Papantoniou et al. 2015; preferred chronotype 2009a. Working against our 
Rabstein S et al. 2013); race endogenous circadian clock: 
(Li W et al. 2015); night work cancer and electric lighting in 
prior to first full term the modern world). 
pregnancy (Menegaux F 
2013); age; menopausal 
status; Chronotype (Hansen 
and Lassen et al. 2012; Wirth 
MD et al. 2014). Case-control 
study of cancer in India: Role 
of PERIOD3 clock gene 
length polymorphism and 
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Studies of shift 
 shift rotations 

Circadian Disruption Proxies 

workers and Flight attendants - 
Transmeridian travel Chronotype as main exposure 

Artificial Light at Night (ALAN) - 
impact of the timing and 
intensity/type of ALAN 

chronotype.); Polymorphisms 
(Rabstein S et al 2014; 
GENICA Consortium. 
Polymorphisms in circadian 
genes, night work and breast 
cancer; Truong T et al. 2014, 
Breast cancer risk, nightwork, 
and circadian clock gene 
polymorphisms.  Zienolddiny 
S et al 2013. Analysis of 
polymorphisms in the 
circadian-related genes and 
breast cancer risk in 
Norwegian nurses working 
night shifts. Grundy A, et al. 
2013, Shift work, circadian 
gene variants and risk of 
breast cancer; Wirth MD et 
al. 2014. Case-control study 
of cancer in India: Role of 
PERIOD3 clock gene length 
polymorphism and 
chronotype. Liu et al. 2015. 
Methylation: Aberrant 
methylation of miR-34b is 
associated with long-term 
shiftwork: a potential 
mechanism for increased 
breast cancer susceptibility. 
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Table 2. Epidemiologic studies of other cancers and circadian disruption:  meta-analyses, study populations, exposure metrics, and counfounders or 
effect modifiers 

 

Studies of 
 rotations 

Circadian Disruption Proxies 

shift workers and shift Flight attendants / crew** / 
Transmeridian travel 

Artificial Light at Night - impact of 
timing and intensity/type of ALAN 

Prostate cancer 

Meta-analyses/ Reviews 
studies) 

Study populations 

Exposure metrics 

(No. Rao et al. 2015 (8); Sigurdardottir et 
al. 2012 (16); Yong M et al. 2012 (11 
post IARC); Gamble KL, et al. 2011. 
Davis S et al. 2006 Circadian 
disruption, shift work and the risk of 
cancer:  a summary of the evidence 
and studies in Seattle; Costa G et al. 
2010. 
5 prospective cohorts; 2 retrospective 
cohort; 2 population based case 
control studies conducted in general 
population, industrial workers, 
working adults; cross-sectional (PSA 
levels in NHANES) 
Gapstur et al. 2014: rotating shift vs. 
fixed schedule ascertained by Qx: Do 
you work rotating shifts? and What 
time of day do you start working? 
Responses were combined to create a 
single variable for work schedule 
based on BLS definitions and 
assuming an 8-hour workday. 
Rotating schedule workers were those 
who self identified; others were 
assumed to work fixed schedules. 
Fixed daytime workers started work 

Raslau et al. 2015 (8); Sigurdardottir 
et al. 2012(7); Buja A 2005 (9); 
Ballard et al. 2000 (4) 

17 registry studies of airline pilots, 
cabin attendants, commercial and 
military pilots; flightdeck/cockpit 
crews 

Ever never employed compared with 
general population; rarely years 
employed 

Sigurdardottir et al. 2012 (1 
ecological) 

Ecological study (Kloog 2009); Case-
control study of miners (Girschik et 
al. 2010) 

Prostate: Satellite images - global co-
distribution of light - Kloog et al. 
2009 (no risk estimates) 
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Studies of 
 rotations 

Circadian Disruption Proxies 

shift workers and shift Flight attendants / crew** / 
Transmeridian travel 

Artificial Light at Night - impact of 
timing and intensity/type of ALAN 

between 6:00AM and 10:00AM; fixed 
afternoon/evening workers began 
2:00PM to 4:00PM; fixed night 
workers began 9:00PM to 
12Midnight. 

Location U.S., Canada, Germany, Nordic 
countries, Japan 

U.S., Canada, 
Britain 

Sweden, Norway, 164 countries 

Confounders and effect modifiers Chronotype, high risk tumors NA NA 

Colo-rectal and other hormonal cancers 

Meta-analyses (No. studies) NA NA NA 
Cancers and study populations Colorectal: 5 studies: 2 prospective 

cohorts Japan (Fujino Y et al. 2007) 
and U.S. Nurses (Schernhammer E et 
al. 2003), 1 registry cohort Sweden 
(Schwartzbaum et al. 2007), 2 
population based case-control studies 
(Montreal, Parent et al. 2012; Spain, 
Papantoniou et al 2014); 
Endometrial: 1 propective Cohort 
(NHS) (Viswanathan et al. 2007); 
Ovarian: 1 prospective cohort: ACS - 
CA Prevention II (Carter et al. 2014); 
1 nested CC - NHS II (Poole 2011); 
Seattle health care workers (Bhatti P 
et al. 2013) 

Colo-rectal: 2 studies in airline 
and cabin crew 

pilots Colon: Ecological study (Kloog 
2009) 

Exposure metrics Ovarian: ASC cancer prevention 
cohort: rotating shift vs. fixed 
schedule ascertained by Qx: Do you 
work rotating shifts? and What time 
of day do you start working? 

Ever never employed compared 
general population; rarely years 
employed 

with Colon: Satellite images - global co-
distribution of light in 164 countries - 
Kloog et al. 2009 (no risk estimates) 
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Studies of 
 rotations 

Circadian Disruption Proxies 

shift workers and shift Flight attendants / crew** / 
Transmeridian travel 

Artificial Light at Night - impact of 
timing and intensity/type of ALAN 

Confounders and effect modifiers 

Rresponses were combined to create a 
single variable for work schedule 
based on BLS definitions and 
assuming an 8-hour workday. 
Rotating schedule workers were those 
who self identified; others were 
assumed to work fixed schedules. 
Fixed daytime workers started work 
between 6:00AM and 10:00AM; fixed 
afternoon/evening workers began 
2:00PM to 4:00PM; fixed night 
workers began 9:00PM to 12MN. 
Endometrial: Obsesity NA NA 

Melanoma 

Meta-analyses (No. studies) 

Study populations 

Exposure metrics 
Confounders and effect modifiers 

NA 

3 Nurses Cohorts (U.S., Denmark, BC 
Canada); 1 population based case 
control (Montreal) 

Ever never worked nights; duration 
none 

San Lorenzo et al. 2015 (19); Buja et 
al. 2006; Ballard et al. 2000; 
Sigurdson et al. 2004; Hammer GP et 
al. 2009 
Registry studies: ~7  mortality 
studies; ~16 incidence studies in 
airline pilots, cabin attendants, 
commercial and military pilots; 
flightdeck/cockpit crews 
Registry data - ever/ never employed 
risk factors in aircrew - Rafnsson F et 
al. 2003; Kojo K et al. 2013 

Kvaskoff M, Weinstein 

Melanoma: Beral 1982 

NA 
NA 

P.  2010 

Other cancers 

Meta-analyses (No. studies) NA Ballard 
Ballard 

et 
et 

al. 
al. 

2000 
2000 

(6); 
(4); 

BRAIN: 
ALL 

NA 
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Studies of 

Circadian Disruption Proxies 

shift workers and shift Flight attendants / crew** / Artificial Light at Night - impact of 
 rotations Transmeridian travel timing and intensity/type of ALAN 

CANCERS (females): Ballard et al. 
2000 (2) 

Cancers Liver cancer (1 cohort Japan, Lin Y Brain cancer (Zeeb H 2010; NA 
et al. 2015); lung (1 cohort U.S., Gu F Nicholas  JS 1998; Irvine D 1999); 
et al. 2015; CC population Montreal, NHL (Zeeb H 2010; Pinkerton LE 
Parent et al. 2012' UK manual 2012); kidney and renal pelvis 
workers Taylor et al. 1972); Textile (Nicholas JS 1998); liver cancer 
worker Cohort Shanghai, Kwon P et (Haldorsen T 2001); AML 
al. 2015; UK manual worker Cohort, (Gundestrup M 1999); several studies 
Taylor et al. 1972); bladder (CC reported higher rates of HIV related 
population Montreal, Parent et al. cancers and oral cancers and upper 
2012; UK manual worker Cohort respiratory tract cancers. 
Taylor et al. 1972); stomach (CC 
population Montreal, Parent et al. 
2012; Cohort, Taylor et al. 1972), 
kidney (1 CC population Montreal), 
esophageal (1 CC population 
Montreal); NHL (Chemical workers 
Germany, Carreon T et al. 2014; 
registry Finland (Lahti et al. 2008), 
CC population Montreal, Parent et al. 
2012), pancreatic (cohort Japan, Lin 
Y et al. 2013; CC Montreal, Parent et 
al. 2012); leukemia (German 
manufacturers, Yong M et al. 2014; 
UK manual workers, Taylor et al. 
1972); brain (Danish nurses, Kjaer T 
2009) 

Study populations General populationbased CC in Spain, Airline pilots, cabin attendants, Lung: Ecological study (Kloog 2009) 
Montreal, Finland; General commercial and military pilots; 
population cohorts in Japan, Sweden; flightdeck/cockpit crews 

30



 

Studies of 
 rotations 

Circadian Disruption Proxies 

shift workers and shift Flight attendants / crew** / 
Transmeridian travel 

Artificial Light at Night - impact of 
timing and intensity/type of ALAN 

Exposure metrics 

Confounders and effect modifiers 

Occupational cohorts of nurses (U.S.), 
Chemical manufacturers (U.S.), and 
textile workers (Shanghai) 
Work schedule in longest occupation; 
"shiftworkers" and "non-shiftworkers 
(Rana S 2014a, b); JEMs-Stenehjem 
JS 2015; Ji B et al. 2012;Carreon T et 
al. 2014; Lahti TA et al. 2008 
Polymorphisms: Chronic lymphocytic 
leukemia (CLL) Rana S 2014 a,b; 
Glioma (Madden et al. 2014) 

Ever/never compared to general 
populations; no data on confounders 

NA 

LUNG: Satellite images - global co-
distribution of light In 164 countries - 
Kloog et al. 2009 

NA 
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Table 3. Biomarkers used in epidemiologic studies of circadian disruption and cancer 

 

CD Proxy Urinary 

Biomarkers 

melatonin levels Vitamin D levels 

Temperature, cortisol, 
reproductive hormones, 

receptor status 

Circadian clock gene 
polymorphisms, gene 

expression, and methylation 
patterns 

Breast cancer 

Meta-analyses/ 

Studies of shift 

Reviews 

workers 

Basler et al. 2014 (5) 

Schernhammer et al. 2005, 
2008, 2009, 2010; Travis et 
al. 2004;  Skene et al. 1990; 
Bartsch et al. 1997; Davis et 
al. (2012) 

Gandini et al. 2011 (10); 
Chen et al. 2010 (21); Mohr 
et al. 2011 (11); van der Rhee 
et al. 2013 Sunlight (13), in 
serum (15) 
Romano A et al. 2015;Grant 
WB et al. 2015;  Itoh H et al. 
2011 

Cortisol: 
Amirian 

NA 

Niu SF et al. 
I et al. 2015 

2015; 

NA 

Fang MZ et al. 2015. Sleep 
interruption associated with 
house staff work schedules 
alters circadian gene 
expression. Rabstein S et al 
2014 Polymorphisms in 
circadian genes, night work 
and breast cancer: results 
from the GENICA study; 
Zienolddiny S et al. 2013 
Associations between 
polylmorphisms in circadian 
genes, night work, and brca 
risk; Grundy et al. 2013 Shift 
work, circadian gene variants 
and risk of breast cancer.  
Davis and Mirick 2006. 
Circadian disruption, shift 
work and the risk of cancer.  
Liu et al. 2015 Aberrant 
methylation of miR-34b is 
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 Biomarkers 

Circadian clock gene 
Temperature, cortisol, polymorphisms, gene 

reproductive hormones, expression, and methylation 
CD Proxy Urinary melatonin levels Vitamin D levels receptor status patterns 

associated with long-term 
shiftwork: a potential 
mechanism for increased 
breast cancer susceptibility 

Studies of the impact of the Cho Y et al. 2015  Effects of Fuhrman BJ et al. 2013 NA Rabstein S et al. 2014 
timing and intensity/ type of artificial light at night on Sunlight, polymorphisms of Polymorphisms in circadian 
ALAN human health: A literature vitamin D-related genes and genes, night work and breast 

review of observational and risk of breast cancer. Van der cancer: results from the 
experimental studies applied Rhee H et al. 2013 Is GENICA study. 
to exposure assessment.  prevention of cancer by sun 
Haim A and Zubidat AE exposure more than just the 
2015 Artificial light at night: effect of vitamin D? A 
melatonin as a mediator systematic review of 
between the environment and epidemiological studies. 
epigenome. Wang WS et al. Suba Z et al. 2012 Light 
2014 Light exposure at night, deficiency confers breast 
sleep duration, melatonin, and cancer risk by endocrine 
breast cancer: a dose- disorders. Engel P et al. 2011  
response analysis of Joint effects of dietary 
observational studies. vitamin D and sun exposure 
Kennaway DJ 2015 Light at on breast cancer risk: results 
night, melatonin and breast from the French E3N cohort.  
cancer.  Haus EL and Proietti S et al. 2011 
Smolensky MH 2013. Shift Melatonin and vitamin D3 
work and cancer risk: synergistically down-regulate 
potential mechanistic roles of Akt and MDM2 leading to 
circadian disruption, light at TGFβ-1-dependent growth 
night, and sleep deprivation. inhibition of breast cancer 
Reiter RJ et al. 2007 Light at cells. 
night, chronodisruption, 
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 Biomarkers 

Circadian clock gene 
Temperature, cortisol, polymorphisms, gene 

reproductive hormones, expression, and methylation 
CD Proxy Urinary melatonin levels Vitamin D levels receptor status patterns 

melatonin suppression, and 
cancer risk: a review. 

Sunlight exposure Smolensky MH et al. 2015 See Meta-analyses/Reviews NA Proietti S et al. 2011 
Nocturnal light pollution and Melatonin and vitamin D3 
underexposure to daytime synergistically down-regulate 
sunlight: Complementary Akt and MDM2 leading to 
mechanisms of circadian TGFβ-1-dependent growth 
disruption and related inhibition of breast cancer 
diseases. cells. 

Other or No CD proxy Schernhammer et al. 2005; NA Sephton SE 2000 Diurnal Polymorphisms. Wang WM 
2008; 2010 Melatonin and cortisol rhythm as a predictor et al. 2013  [Association of  
BRCA (various cohorts and of breast cancer survival. genetic variantions of 
menopausal status);  Wu AH Ticher A 1996 The pattern of circadian clock genes and risk 
et al. 2013 Sleep duration, hormonal circadian time of cancer]; Dai H, et al. 
spot urinary 6- structure (acrophase) as an 2011, The role of 
sulfatoxymelatonin levels and assessor of breast-cancer risk.  polymorphisms in circadian 
risk of breast cancer among Lewy H 2007. Linkage pathway genes in breast 
Chinese women in Singapore between ability to change tumorigenesis. Hoffman AE, 

period tau of Prolactin and 2010. CLOCK in breast 
cortisol rhythms and brca tumorigenesis: genetic, 
risk; Lie et al. 2013 Night epigenetic, and transcriptional 
work and Hormone receptor profiling analyses. 
status;  Zeitzer JM et al. Krugluger W et al. 2007 
2014 Correspondence of Regulation of genes of the 
plasma and salivary cortisol circadian clock in human 
patterns in women with breast colon cancer: reduced period-
cancer. 1 and dihydropyrimidine 

dehydrogenase transcription 
correlates in high-grade 
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CD Proxy Urinary 

Biomarkers 

melatonin levels Vitamin D levels 

Temperature, cortisol, 
reproductive hormones, 

receptor status 

Circadian clock gene 
polymorphisms, gene 

expression, and methylation 
patterns 

tumors. 

Prostate cancer 

Meta-analyses/ Reviews 

Studies of shift workers 

Studies of intensity/ type 
ALAN 

Sunlight exposure 
Other or No CD proxy 

of 

NA 

NA 

 

NA 
Bartsch C, 1992; Markt S et 
al 2014 Gene-based 
associations with fatal 
prostate cancer and melatonin 
levels; Sigurdardottir LG et 
al. 2015 Urinary melatonin 
levels, sleep disruption, and 
risk of prostate cancer in 
elderly men. Erren TC et al. 
2015 Melatonin, sleep, and 
prostate cancer in elderly 
men: study, hypothesis 

Gandini et al. 2011 (11); 
van der Rhee et al. 2013 
Sunlight (9), in serum (16); 
Gilbert R et al. 2011 

NA 

NA 

See Meta-analyses/Reviews 
NA 

NA 

Flynn-Evans EE 2013 
work and PSA levels 

NA 

NA 
NA 

Shift 

NA 

 

DeHaro D et al. 2014. 
Regulation of L1 expression 
and retrotransposition 
by melatonin and its receptor: 
implications forcancer risk 
associated with light exposure 
at night 
NA 
Jung-Hynes B et al. 2010 
Melatonin resynchronizes 
dysregulated circadian 
rhythm circuitry in human 
prostate cancer cells. 
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CD Proxy Urinary 

Biomarkers 

melatonin levels Vitamin D levels 

Temperature, cortisol, 
reproductive hormones, 

receptor status 

Circadian clock gene 
polymorphisms, gene 

expression, and methylation 
patterns 

development, 
options. 

and icelandic 

Colo-rectal and other hormonal cancers 

Meta-analyses/ Reviews 

Studies of shift workers 
Studies of intensity/ type 
ALAN 
Sunlight exposure 
Other or No CD proxy 

of 
Ovarian: 

NA 

Poole et 
NA 

NA 
NA 

al. 2015 

Colorectal: Gandini et al. 
2011 (9); Touvier M. et al. 
2011; van der Rhee et al. 
2013, Sunlight (7), in serum
(12); Endometrial - 
McCullough et al., 2008 

NA 
NA 

See Meta-analyses/Reviews 
Endometrial - van der Rhee 
al. 2009 

 

et 

NA 

NA 
NA 

NA 
Mormont MC 2000 
(Colorectal cancer) 

NA 

NA 
NA 

NA 
Polymorphisms. Colorectal: 
Alexander M, et al. 2015.  
Case-control study of the 
PERIOD3 clock gene length 
polymorphism and colorectal 
adenoma formation; 
Karantanos T, 2013, 
Association of the clock 
genes polymorphisms with 
colorectal cancer 
susceptibility; Zhou F, et al. 
2012. Functional 
polymorphisms of circadian 
positive feedback regulation 
genes and clinical outcome of 
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CD Proxy Urinary 

Biomarkers 

melatonin levels Vitamin D levels 

Temperature, cortisol, 
reproductive hormones, 

receptor status 

Circadian clock gene 
polymorphisms, gene 

expression, and methylation 
patterns 

Chinese patients with 
resected colorectal cancer;  
Ovarian cancer: Jim HS et 
al. 2015. Common Genetic 
Variation in Circadian 
Rhythm Genes and Risk of 
Epithelial Ovarian Cancer 
(EOC). 

Other cancers 

Meta-analyses/ Reviews NA NA NA NA 
Studies of shift workers CLL: Rana S 2014a,b NHL: van der Rhee et al. 

2013, Sunlight (23), in serum 
(4). 

NA CLL - Rana S, et al. 
2014a,b. a) Lack of 
association of the NPAS2 
gene Ala394Thr 
polymorphism 
(rs2305160:G>A) with risk of 
CLL; b) Deregulated 
expression of circadian clock 
and clock-controlled cell 
cycle genes in CLL 

Studies of intensity/ type 
ALAN 

of NA NA NA NA 

Sunlight exposure NA NHL: Van der Rhee et al. 
2013 - Sunlight (23), in 
serum (4); Van der Rhee et al. 
2009 - In serum, prospective: 
pancreatic (3); esophageal 
(3); renal (1)* 

NA NA 
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 Biomarkers 

Circadian clock gene 
Temperature, cortisol, polymorphisms, gene 

reproductive hormones, expression, and methylation 
CD Proxy Urinary melatonin levels Vitamin D levels receptor status patterns 

Other or No CD proxy NA NA NA Non-small cell Lung CA -  
Couto P 2014; 
Polymorphisms in the 
CCRN4L and PER3 genes 
may be risk factor Liver 
Cancer - Zhao B et al. 2012 
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Table 4. Biomarkers/markers used in exposure studies of proxies of circadian disruption 

Biomarker Proxy of circadian disruption 

Shift work, transmeridian travel 

Melatonin Bracci et al. 2014 Rotating-shift nurses after a day off: peripheral clock gene expression, urinary melatonin, and serum 17-β-
estradiol levels; Bhatti et al. 2013 Racial differences in the association between night shift work and melatonin levels among 
women.Mirick et al. 2013 Night shift work and levels of 6-sulfatoxymelatonin and cortisol in men; Grundy et al. 2009 Light 
intensity exposure, sleep duration, physical activity, and biomarkers of melatonin among rotating shift nurses; Grundy et al. 2011 
Influence of light at night exposure on melatonin levels; Papantoniou et al. 2015 16 hormones, M and F - Increased and mistimed 
sex hormone production in night shift workers; Papantoniou K et al. 2014 Circadian variation of melatonin, light exposure, and 
diurnal preference in day and night shift workers of both sexes; Gomez-Acebo et al. 2015  Association between exposure to 
rotating night shift versus day shift - melatonin and cortisol and other sex hormones in women; Ji B et al. 2012 Nightshift work job 
exposure matrices and urinary 6-sulfatoxymelatonin levels among healthy Chinese women; Langley et al. 2012 A cross-sectional 
study of breast cancer biomarkers among shift working nurses; Dumont M et al. 2014 Progressive decrease of melatonin 
production over consecutive days of simulated night work; Zamanian Z et al. 2013 Outline of changes in cortisol and melatonin 
circadian rhythms in the security guards of shiraz university of medical sciences; van de Werken M et al. 2013; Reinhardt ÉL et 
al. 2012 Daily rhythm of salivary IL-1ß, cortisol and melatonin in day and night workers; Amirian I et al. 2015 

Cortisol Mirick et al. 2013 Night shift work and levels of 6-sulfatoxymelatonin and cortisol in men; Papantoniou et al 2015 (16 hormones) 
males and females - Increased and mistimed sex hormone production in night shift workers; Gomez-Acebo et al. 2015 Association 
between exposure to rotating night shift versus day shift - melatonin and cortisol and other sex hormones in women; Wirth M, et 
al. 2013. Association of the Period3 clock gene length polymorphism with salivary cortisol secretion among police officers.  Niu 
SF et al. 2015; Amirian I et al. 2015; Baba M 2015; Costa G et al. 2015 Stress and sleep in nurses employed in "3  ×  8" and 
"2  ×  12" fast rotating shift schedules; Fekedulegn D 2012 Associations of long-term shift work with waking salivary cortisol 
concentration and patterns among police officers. Zamanian Z et al. 2013 Outline of changes in cortisol and melatonin circadian 
rhythms in the security guards of shiraz university of medical sciences; Reinhardt ÉL et al. 2012 Daily rhythm of salivary IL-1ß, 
cortisol and melatonin in day and night workers 

Vitamin D Wallingford et al. 2014 UV and dietary predictors of serum 25-hydroxyvitamin D concentrations among young shift-working 
nurses in Canada; Romano A et al. 2015 Shift work and serum 25-OH vitamin D status among factory workers in Northern Italy 

Sex steroid hormones, Papantoniou et al 2015 (16 hormones) males and females; Gomez-Acebo et al. 2015 (females); Bracci et al. 2014 Rotating-shift 
prolactin nurses after a day off: peripheral clock gene expression, urinary melatonin, and serum 17-β-estradiol levels;  Chang YS et al. 2014 

Rotating night shifts too quickly may cause anxiety and decreased attentional performance, and impact prolactin levels during the 
subsequent day: a case control study. 

Clock gene An H 2014 Chronotype and a PERIOD3 variable number tandem repeat polymorphism in Han Chinese pilots. Wirth M, et al. 
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Biomarker 

polymorphisms, clock 
gene expression, 
methylation 

Lifestyle, dietary factors, 
demographics, joint 
factors 
plasma alanine 
transaminase (ALT) 
levels 
physical stress 
Markers of immune 
response (e.g., IL-6, 
TNF-alpha, cytokene 
levels, lymphocyte 
counts) 

Proxy of circadian disruption 

2013. Association of the Period3 clock gene length polymorphism with salivary cortisol secretion among police officers.   Bracci et 
al. 2014 Rotating-shift nurses after a day off: peripheral clock gene expression, urinary melatonin, and serum 17-β-estradiol levels; 
Zhu Y et al. 2011 Long-term exposure to shiftwork can alter epigenetic patterns genome wide; Bracci et al. 2013 Influence of 
night-shift and napping at work on urinary melatonin, 17-β-estradiol and clock gene expression in pre-menopausal nurses; Reszka 
et al. 2013 Circadian gene expression in peripheral blood leukocytes of rotating night shift nurses. 
Kjaer T et al. 2014 Dietary inflammation index from FFQ and Shiftwork; Fernandez RC et al. 2014 JEM for SW, LAN, Sleep, 
Diet, Physical Activity, and Vit D; Wirth MD et al. 2014 Association of a dietary inflammatory index with inflammatory indices. 

Lin YC 2014 Long term rotating shift work poses a barrier to normalization of alanine transaminase 

Monteleone P 1992a, b 
van Mark et al. 2010; Khaleghipour S et al. Circadian type, chronic fatigue, and serum IgM in SW; Copertaro A et 
al. 2011 immune variables in nurses 

Artificial light / ALAN 
Melatonin, phase shift Kozaki T et al. 2016 Light-induced melatonin suppression at night after exposure to different wavelength composition of morning 

light. Kozaki T et al. 2015 Effects of day-time exposure to different light intensities on light-induced melatonin suppression at 
night.  Emens JS 2015 Effect of Light and Melatonin and Other Melatonin Receptor Agonists on Human Circadian Physiology. 
Cho Y et al. 2015 Effects of artificial light at night on human health: A literature review of observational and experimental studies 
applied to exposure assessment. Grundy et al. 2009 (Light intensity exposure, sleep duration, physical activity, and biomarkers of 
melatonin among rotating shift nurses); Grundy et al. 2011 (influence of light at night exposure on melatonin levels); Leproult R 
2001 Transition from dim to bright light in the morning induces an immediate elevation of cortisol levels; Hurley S 2013 A cross-
sectional analysis of light at night, neighborhood sociodemographics and urinary 6-sulfatoxymelatonin concentrations;  Burgess 
HJ, Molina TA. 2014 Home lighting before usual bedtime impacts circadian timing: a field study; Higuchi S et al. 2014 Influence 
of light at night on melatonin suppression in children; Papantoniou K et al. 2014 Circadian variation of melatonin, light exposure, 
and diurnal preference in day and night shift workers of both sexes; Ho Mien I et al. 2014 Effects of exposure to intermittent 
versus continuous red light on human circadian rhythms, melatonin suppression, and pupillary constriction; van de Werken M et 
al. 2013 Short-wavelength attenuated polychromatic white light during work at night; Obayashi K et al. 2012 (daylight in 
elderlly); Wood B et al. 2013 (light from tablets); Chang AM et al. 2012 (bright light of different durations); Graham C 2001 
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Biomarker Proxy of circadian disruption 

Cortisol 

Body temperature 
Lifestyle, dietary factors, 
demographics, joint 
factors 

Examination of the melatonin hypothesis in women exposed at night to EMF or bright light. Burke TM et al. 2013 Combination of 
light and melatonin time cues for phase advancing the human circadian clock; Visser EK et al. 1999 Melatonin suppression by 
light in humans is maximalwhen the nasal part of the retina is illuminated. 
Leproult R 2001 Transition from dim to bright light in the morning induces an immediate elevation of cortisol levels; Zamanian Z 
et al. 2013 
Te Kulve M et al. 2016 Review 
Fernandez RC et al. 2014 JEM for SW, LAN, Sleep, Diet, Physical Activity, and Vit D 

Chronotype or circadian disruption 

Methodologic / marker 
development 

Melatonin 

Other hormones 
Clock gene expression 
Clock gene 
polymorphisms 
Lifestyle, dietary factors, 
demographics, joint 
factors 
Markers of immune 
response (e.g., IL-6, 
TNF-alpha, cytokene 
levels, lymphocyte 
counts) 

Kantermann T et al. 2015 compares 2 Chrono QX with DMSO; Simpkin CT et al. 2014 compares parent chrono qx with salivary 
melatonin in toddlers; Van Dycke KC 2015 Biomarkers for circadian rhythm disruption independent of time of day. Kantermann 
T 2015 Comparing the Morningness-Eveningness Questionnaire and Munich ChronoType Questionnaire to the Dim Light 
Melatonin Onset.  Burgess HJ et al. 2015 Home circadian phase assessments with measures of compliance yield accurate dim light 
melatonin onsets. Papantoniou K et al. 2014; Garaulet M et al. 2015 Methods for measuring CD; Figueiro MG et al. 2013 
Comparison of three practical field devices to measure personal light exposures and activity levels. 
Papatoniou K et al. 2014; Bhatti P et al. 2014; Bracci M 2014 (role of chronotype shown to be independent factor for PER1 (β 
0.48, P=0.001) and PER2 (β -0.22, P=0.022) expression, and 17-β-estradiol levels (β 0.26, P=0.011) 
Bracci M 2014 chronotype an independent risk factor for 17β estradiol levels 
Bracci M 2014 chronotype an independent risk factor for PER1 and PER2 gene expression 
An H 2014 Chronotype and a PERIOD3 variable number tandem repeat polymorphism in Han Chinese pilots 

Bhatti P et al. 2013 (Asian and Caucasian SW), Zhang L. et al. 2015 (Amish); Smith MR, et al. 2009 Racial differences I human 
endogenous circadian period; Eastman CI et al. 2012 Blacks have shorter free-running periods than whites 

Labrecque N et al. 2015 Circadian clocks in the immune system 
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Biomarker Proxy of circadian disruption 

Lifestyle factors and Non-photic entrainment sources 
Exercise Monteleone P et al. 1992; Yamanaka Y et al. 2015; Grundy et al. 2009 (Light intensity exposure, sleep duration, physical 

activity, and biomarkers of melatonin among rotating shift nurses;Barger LK et al 2004 Daily exercise facilitates phase delays of 
circadian melatonin rhythm in very dim light. Mistlberger RE and Skene DJ 2005 Nonphotic entrainment in humans? 

Diet Fukushige H et al. Tryptophan-rich breakfast and light exposure on Melatonin; Mistlberger RE and Skene DJ 2005 Nonphotic 
entrainment in humans; McHill AW et al. 2014 Effects of caffeine on skin and core temperatures, alertness, and recovery sleep 

 

during circadian misalignment. 
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Table 5. Laboratory, clinical, and field studies of melatonin, light, and shiftwork interventions in relation to long term disease endpoints 

 

SHIFT WORK: Changes in direction, speed, length, and other adjustments to rotating shifts 

Reviews/meta-analyses Neil-Sztramko SE 2014 Prospective interventions conducted among shift workers with the aim of 
improving long-term healthchanges in shift schedules; 16 studies describing changes in direction of 
rotation from backward (counter-clockwise) to forward (clockwise) rotating shift (6 studies) and vice versa 
(1 study); switching from 8- to 10- or 12-hour shifts (6 studies); adjusting the shift schedule based on 
ergonomic principles (1 study); flexible shift scheduling (1 study); delaying shift start time (1 study).  
Changes from backward to forward rotating shifts increased rotation speed in 4 studies.  Bambra CL 2008 
- Systematic review of experimental and quasi-experimental studies, from any country (in any language) 
that evaluated the effects on health and work-life balance of organizational-level interventions that redesign 
shift work schedules; Zee PC and Goldstein CA 2010 Treatment of shift work disorder and jet lag. 

Endpoint 1: Sleep quantity/duration, quality Boggild et al 2001; Hakola et al 2001; Hakola et al 2010; Harma et al. 2006;  Karlson et al 2009; Knauth et 
al. 1998; Lowden et al 1998; Orth-Gomer 1982, 1983; Peacock et al 1983; Rosa et al. 1989; Viitasalo et al. 
2008; Williamson et al, 1994. 

Endpoint 2: Markers of circadian Peacock et al. 1983; Waage S 2014 Longitudinal study on determinants of shift work disorder 
disruption/adaptation 
Endpoint 3: common modifiable risk factors for Boggild et al. 2001; Orth-Gomer et al. 1982, 1983; Viitasalo et al 2008; Jarvelin-Pasanen et al. 2013 
chronic disease (unhealthy diet and excessive 
energy intake; physical inactivity; tobacco use) 
Endpoint 4: common modifiable risk factors for Boggild et al. 2001; Hakola et al. 2010; Knauth et al. 1998; Peacock et al. 1983; Rosa et al. 1989; Viitasalo 
chronic disease (unhealthy diet and excessive et al. 2008 
energy intake; physical inactivity; tobacco use) 

LIGHT: Controlled exposure to light and dark (e.g., exposure to bright light in the workplace, use of goggles to minimize bright light exposure  

Reviews/meta-analyses Neil-Sztramko SE 2014 - prospective interventions conducted among shift workers with the aim of 
improving long-term healthchanges in shift schedules - reviewed 17 studies of controlled exposure to light 
and dark (e.g., exposure to bright light in the workplace, use of goggles to minimize bright light exposure 
or short wavelengths); with 13 interventions of controlled light exposure among shiftworkers - among 
these, intermittent bright light was evaluated in 7 studies; combination of bright light and light blocking 
goggles was used in 4 studies; two studies used glasses that filtered blue light wavelengths. Burgess HJ 
2002 - Bright light, dark and melatonin as interventions in shift workers; qualitative review.  Fonken LK 
et al. 2014. Exposure to light at night alters metabolic function through disruption of the circadian system, 
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LIGHT: Controlled exposure to light and dark (e.g., exposure to bright light in the workplace, use of goggles to minimize bright light exposure  

and review current experimental and epidemiological work directly associating exposure to light at night 
and metabolism. 

Endpoint 1: Sleep quantity/duration, quality Bjorvatn et al 1999; Bjorvatn et al. 2007; Boivin et al 2012; Budnick et al 1995; Lowden et al. 2004; 
Sasseville et al 2009, 2010; Tanaka et al 2011; Thorne et al 2010; Rahman et al. 2013. 

Endpoint 2: Markers of circadian MELATONIN: Lewy AJ et al 1996 Phase shifting the human circadian clock using melatonin; Lewy AJ et 
disruption/adaptation (phase shift) al. 2006 Circadian uses of melatonin in humans; Lewy AJ et al. 1995 Melatonin marks circadian phase 

position and resets the endogenous circadian pacemaker in humans; Boivin et al. 2002, 2004, 2012; 
Brainard GC et al. 2001; Budnick et al. 1995; Deacon SJ et al. 1994 phase-shifts in melatonin, 6-
sulphatoxymelatonin and alertness rhythms after treatment with moderately bright light at night. DIjk D et 
al. 2012 Amplitude reduction and phase shifts of melatonin, cortisol and other circadian rythms after 
gradual advance of sleep and light exposure; Kakooei et al. 2010; Lowden et al. 2004; Sasseville et al. 
2010; Thorne et al. 2010; Young CR 2015; Brainard GC et al. 2015; Crowley SJ et al. 2015 Phase 
advancing human circadian rhythms with morning bright light, afternoon melatonin, and gradually shifted 
sleep; Chang AM et al. 2015; Figueiro MG et al. 2014a,b; Sano I et al. 2014; Kim SJ et al. 2014; 
CORTISOL: James et al. 2004; Zamanian et al 2010; and BODY TEMPERATURE Boivin et al 2002, 
2004; Kakooei et al. 2010); Litscher D et al. 2013. PLASMA THYROTROPIN: Hirschfeld U et al. 
Progressive elevation of plasma thyrotropin during adaptation to simulated jet lag. 

Endpoint 3: common modifiable risk factors for Obayashi K et al. 2014 (BP); Litscher D et al. 2013 (heart rate) 
chronic disease (unhealthy diet and excessive 
energy intake; physical inactivity; tobacco use) 
Endpoint 4: common modifiable risk factors for NA 
chronic disease (unhealthy diet and excessive 
energy intake; physical inactivity; tobacco use) 

BEHAVIOR OR LIFESTYLE: Dietary changes, physical acivity, scheduled napping, cognitive behavioral therapy 

Reviews/meta-analyses Neil-Sztramko SE 2014 - prospective interventions conducted among shift workers with the aim of 
improving long-term healthchanges in shift schedules; 5 interventions   

Endpoint 1: Sleep quantity/duration, quality Bonnefond et al. 2001; Harma et al. 1988a; Smith-Coggins et al 1997; Jarnefelt H. et al. 2012. 
Endpoint 2: Markers of circadian Harma et al. 1988b; Fukushige H et al. 2014 
disruption/adaptation 
Endpoint 3: Markers of chronic disease (Raised Harma et al. 1988a; Morgan et al. 2011 
blood pressure, raised blood glucose, abnormal 
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BEHAVIOR OR LIFESTYLE: Dietary changes, physical acivity, scheduled napping, cognitive behavioral therapy 

blood lipids, overweight/obesity 
Endpoint 4: common modifiable risk factors for Morgan et al. 2011a,b; Jarnefelt H. et al. 2012 
chronic disease (unhealthy diet and excessive 
energy intake; physical inactivity; tobacco use) 
 

PHARMACOLOGIC: Interventions to modify Endpoints #1-4  (e.g.,  Modafinil, Armodafinil, Zopiclone, melatonin) 

Reviews/meta-analyses 

Endpoint 1: Sleep quantity/duration, quality 

Endpoint 2: Markers of circadian 
disruption/adaptation 

Endpoint 3: Markers of chronic disease (Raised 
blood pressure, raised blood glucose, abnormal 
blood lipids, overweight/obesity 
Endpoint 4: common modifiable risk factors for 
chronic disease (unhealthy diet and excessive 
energy intake; physical inactivity; tobacco use) 
Endpoint 5: timing of chemotherapy and other 
medications to maximize efficacy 

Burgess HJ 2002 (2 studies); Neil-Sztramko SE 2014 (8 studies); Richardson G and Tate B 2000 
Hormonal and pharmacological manipulation of the circadian clock: recent developments and future 
strategies; 
MELATONIN: Bjorvain et al. 2007; Cavallo et al 2005; Folkard et al.1993; Turek FW and Gillette MU 
2004 Melatonin, sleep and circadian rhythms: rationale for development of specific melatonin agonists; ;  
Modafinil or armodafinil: Czeisler et al. 2005; Czeisler et al. 2009; Erman et al. 2007; ZOPICLONE: 
(Bozin-Juracic et al 1996; Monchesky et al 1989); BENZODIAZEPINE: Turek FW 1988 Manipulation 
of a central circadian clock regulating behavioral and endocrine rhythms with a short-acting 
benzodiazepine used in treatment of insomnia. 
Modafinil: Czeisler et al. 2005); MELATONIN: Sharkey KM and Eastman CI 2002 Melatonin phase 
shifts human circadian rhythms in a placebo-controlled simulated night-work study; 
BENZODIAZEPINE: Buxton OM et al. 2000 Benzodiazepine hypnotic facilitates adaptation of circadian 
rhythms simulating westward jet lag; Wisor JP 2002 Disorders of the circadian clock: etiology and possible 
therapeutic  targets. 
Armodafinil: Czeisler et al. 2009; MELATONIN: Bizzarri M 203 Melatonin and vitamin D3 increase 
TGF-beta1 release and induce growth inhibition in breast cancer cell cultures. 

Hrushesky WJ, et al. 2009 Circadian clock manipulation for cancer prevention and control and the relief 
of cancer symptoms. 

Innominato PF et al. 2014 The circadian timing system in clinical oncology.  Ortiz-Tudela E et al. 2013 
Cancer chronotherapeutics: experimental, theoretical, and clinical aspects; Košir R et al. 2013 Circadian 
events in human diseases and in cytochrome P450-related drug metabolism and therapy. 
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